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Emotion Regulation from Infancy to Toddlerhood: Individual and Group Trajectories of Full-
Term and Very-Low-Birthweight Preterm Infants 
Nicole Atkinson 
Adaptive emotion regulation begins with infants operating jointly with their parents to regulate 
their emotions, which fosters the development of independent regulation. Little is known about 
when or how this transition occurs, or the impact of factors such as parental availability or 
premature birth status. The current study examined the use of self-, parent-, and environment-
reliant emotion regulation behaviours in full-term and healthy very-low-birthweight (VLBW) 
preterm infant-mother dyads at 5 ½, 12, and 18 months of age. At 5 ½ months, dyads 
participated in the Still-Face procedure (two normal interactions and one in which mothers are 
non-responsive and expressionless). At 12 and 18 months, dyads participated in two free-play 
interactions, a puzzle task, and an interference task. Emotion regulation behaviours were coded 
using two systematic, observational systems. Results indicated that infants used fewer self- and 
environment-reliant strategies as they aged, but more mother-reliant strategies. Increased use of 
self-reliant strategies at earlier ages predicted increased use of mother-reliant strategies at 
subsequent ages. Toddlers used more independent, attention-seeking, and escape behaviour 
during periods of maternal unavailability. There were no significant differences between full-
term and VLBW/preterm toddlers’ emotion regulation behaviours. The current study contributes 
to the understanding of normative development of emotion regulation and the risk associated 
with prematurity. 
Key words: emotion regulation, mother-infant interaction, VLBW and prematurity, 
maternal (un)availability, socioemotional development 
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Emotion Regulation from Infancy to Toddlerhood: Individual and Group Trajectories of Full-
Term and Very-Low-Birthweight Preterm Infants 
The development of emotion regulation is a key feature of socioemotional functioning, 
and is tied to healthy outcomes throughout life. Emotion regulation involves the ability to 
“manage, modulate, inhibit, and enhance [one’s] emotions” (Calkins & Fox, 2002, p. 483). It is 
central to emotional competence, which also includes emotional expressiveness, emotional 
understanding, recognition of emotions in self and others, and emotion knowledge (Denham et 
al., 2003; Denham, Mitchell-Copeland, Strandberg, Auerbach, & Blair, 1997), and to self-
regulation, which includes regulatory processes in physiological, attentional, emotional, 
cognitive, and interpersonal domains of functioning (Calkins & Fox, 2002). The development of 
effective emotion regulation is a key milestone in early life (Thomas, Letourneau, Campbell, 
Tomfohr-Madsen, & Giesbrecht, 2017). It is predictive of several aspects of social functioning, 
including social competence, positive relationships with others, popularity with peers, empathy, 
sympathy, and academic success (Leerkes, Blankson, & O’Brien, 2009; Penela, Walker, Degnan, 
Fox, & Henderson, 2015). Adaptive emotion regulation may also protect against internalizing 
and externalizing problems throughout childhood, and promote healthy adjustment in adulthood 
(Kim, Stifter, Philbrook, & Teti, 2014; Penela et al., 2015). Failure to develop adaptive 
regulation strategies in early life is associated with socioemotional (Di Maggio, Zappulla, & 
Pace, 2016), behavioural (Crespo, Trentacosta, Aikins, &Wargo-Aikins, 2017; Hill, Degnan, 
Calkins, & Keane, 2006), and academic problems (Graziano, Reavis, Keane, & Calkins, 2007), 
and ultimately to risk of psychopathology (Aldao, Nolen-Hoeksema, & Schweizer, 2010; 
Rawana, Flett, McPhie, Nguyen, & Norwood, 2014). 
Development of Emotion Regulation 
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The Transactional Model posits that all aspects of development are a product of the 
reciprocal exchanges between children, their parents, and the environment (Sameroff, 2009). 
Developmental changes are driven by the child’s constant interactions with and adaptation to 
their social environment, including their interactions with parents. According to this model, 
regulation by others provides the social context in which self-regulation occurs, shaping the 
child’s development of self-regulatory abilities. Similarly, the Mutual Regulation Model 
(Tronick & Beeghly, 2011; Tronick & Gianino, 1986) posits that infants are simultaneously 
regulating to their own internal emotional state, and to their engagement with the external 
environment. This involves self-directed regulatory strategies intended to modify internal states, 
as well as other-directed strategies directed at regulating parent behaviour. Through these 
processes, dyads develop a coordinated, mutually regulated communicative system in which 
infants’ regulatory capacities are bolstered by their parents, contributing to infants’ emerging 
sense of agency. Thus, the development of emotion regulation is driven both by the infant’s 
adaptation to the social environment, and their modification of this environment to suit their 
needs. 
Indeed, the parent-child relationship is the first, and arguably most important, context in 
which emotion regulation abilities develop (Thompson, 1994). In early development, infants are 
reliant on parents’ involvement in the dyadic regulation of their distress (Ostlund, Measelle, 
Laurent, Conradt, & Ablow, 2017; Schore, 2015; Thomas et al., 2017). Infants communicate 
their emotional states to their parents using facial, vocal, and behavioural cues; parents act to 
regulate their infants’ emotions by interpreting and responding to their needs in a timely and 
appropriate manner, and by reciprocating and reinforcing infant reactions (Cole, Martin, & 
Dennis, 2004; Thomas et al., 2017; Weinberg & Tronick, 1994). Parent-infant interactions thus 
  3 
 
both shape and are shaped by infants’ emotional responses (Thompson & Goodman, 2010; 
Tronick & Beeghly, 2011). When dyadic regulation is effective, it allows for the development of 
adaptive independent regulation processes in the infant (Conradt & Ablow, 2010; Granat, 
Gadassi, Gilboa-Schechtman, & Feldman, 2017). Through contingent responses to children’s 
emotional displays, parents reinforce or inhibit these regulation processes in an ongoing process 
of emotion socialization (Garside & Klimes-Dougan, 2002). 
Some primitive forms of emotion regulation appear to be innate. Infants are born with 
approach-withdrawal responses to pleasant or aversive stimuli, and rudimentary self-soothing 
behaviours such as sucking (Thompson & Goodman, 2010). Over the course of the first year, 
infants become more deliberate in their efforts to self-soothe as they develop controlled cognitive 
processes, they are increasingly reliant on themselves rather than exclusively on others, and they 
use more cognitive soothing strategies as opposed to relying on contextual support such as 
seeking help or avoiding emotionally arousing situations (Fox & Calkins, 2003; Thompson & 
Goodman, 2010). The increased role of cognition in emotion regulation may be explained by 
developmental changes in the anterior cingulate cortex occurring during the second half of the 
first year of life, a region associated with both emotion regulation and cognitive processes (Bell 
& Wolfe, 2004; Bush, Luu, & Posner, 2000). Indeed, the development of more sophisticated, 
cognitive emotion regulation strategies coincides with, and is likely enabled by, the development 
of higher order cognitive processes such as sustained attention (Bell & Wolfe, 2004; Calkins & 
Marcovitch, 2010). During this first year, infants also become more adept at social signalling as 
they come to recognize that parents’ behaviour may assist them in regulating emotion (Calkins & 
Hill, 2007). 
During the second year of life, brain maturation allows for more consistent use of active 
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emotion regulation (Calkins & Hill, 2007). Changes in the attention system enable toddlers to 
use attentional allocation to independently regulate their emotions (Feldman, 2009), executive 
control abilities allow for the control of emotional arousal and reactivity (Rueda, Posner, & 
Rothbart, 2004), and coordinated motor and language skills allow for an increased ability to 
communicate effectively with others (Calkins & Hill, 2007). 
Although the transition from dyadic to independent emotion regulation strategies is 
considered a normative part of development (Granat et al., 2017; Thompson & Goodman, 2010), 
there is a dearth of research regarding when and how this transition takes place. Further, this 
conceptualization is complicated by findings that infants’ capacities for dyadic regulation 
become more sophisticated with age, suggesting that these strategies may continue to play an 
important role in adaptive regulation (Calkins & Hill, 2007). 
Individual Stability and Trajectories of Emotion Regulation 
In order to understand the development of emotion regulation, it is important to explore 
not only the mean-level continuity (or discontinuity) of behaviours, but also the individual-order 
stability (or instability) of these behaviours (Bornstein, Putnick, & Esposito, 2017). The 
developmental trajectories of dyadic and independent strategies may differ for individual infants. 
Indeed, there is significant individual variability in strategy use in both infants and toddlers 
(Morales, Mundy, Crowson, Neal, & Delgado, 2005). However, little is known about the 
stability of these individual differences, and the individual trajectories of emotion regulation 
behaviours over time. Identifying early patterns of regulation may aid in the recognition of early 
signs of maladaptive regulation, potentially contributing to early intervention. 
There is preliminary evidence for early individual-order stability in regulation 
behaviours, particularly in later infancy. Feldman (2009) found low to moderate correlations 
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between measures of emotion regulation at 3, 6, and 12 months, providing evidence for some 
developmental stability. However, although emotion regulation behaviours were observationally 
coded in this study, a composite score was used for analyses, preventing the direct examination 
of different behaviours. Rothbart, Ziaie, and O’Boyle (1992) examined individual regulation 
behaviours at 3, 6 ½, 10, and 13 ½ months. They found little stability in early infancy (3-6 ½ 
months), but moderate stability of some behaviours in later infancy (10-13 ½ months), 
suggesting that stability in regulation behaviours may be developing over time. Indeed, by 
middle childhood and adolescence there is significant stability in individual differences in self-
regulation (Raffaeli, Crockett, & Shen, 2005). 
Findings from our own laboratory demonstrated associations between emotion regulation 
behaviours at 5 ½ months and 4 years of age, such that infants’ self-comforting, attention-
seeking, and fretting predicted negativity in preschoolers, characterized by negative attention-
seeking, fretting, and over-activity (August et al., 2015). These findings not only provide 
evidence for stability of behaviours over time, they also speak to the importance of 
understanding patterns of regulation strategies, such that early strategies may provide insight 
into later regulation abilities, allowing for the long-term prediction of adaptive and maladaptive 
regulation. 
Contextual and Relationship Factors 
 Understanding these patterns of regulation also requires consideration of the parent-infant 
interaction. Parents are crucial both to early dyadic regulation, and to the development of 
independent strategies. In infancy, dyadic regulation is often considered to be adaptive, as these 
strategies may be more effective than their independent counterparts (Khoury et al., 2016). 
Under conditions of distress, independent self-soothing strategies may actually elevate distress in 
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12- and 13-month-olds, whereas parent-reliant strategies lead to increased positive affect 
(Diener, Mangelsdorf, McHale, & Frosch, 2002). However, when infants are denied access to 
responses from their parent, it may be more effective and more adaptive for the infant to depend 
on self- and environment-reliant strategies (Kim et al., 2014). Indeed, throughout the first year of 
life infants are more likely to rely on independent strategies when personal experiences have 
taught them that their parent does not respond appropriately to their distress (Manian & 
Bornstein, 2009; Tronick & Gianino, 1986). 
Briefly depriving infants of maternal responsiveness is a common practice in emotion 
regulation research; this enables researchers to induce distress or frustration in order to observe 
emotion regulation behaviours as they occur. For this reason, emotion regulation behaviours are 
often measured during tasks such as the arm-restraint procedure (Stifter & Braungart, 1995), the 
Still-Face (SF) procedure (Tronick, Als, Adamson, Wise, & Brazelton, 1978), and the Strange 
Situation Procedure (Ainsworth & Wittig, 1969). However, by exclusively measuring emotion 
regulation in situations in which artificial constraints have been imposed on the mother-child 
interaction, there is a risk of obscuring meaningful changes in dyadic regulation behaviours over 
time. Further, uniquely observing emotion regulation during periods of induced distress neglects 
the importance of regulation of positive emotions, which is a key piece of emotion regulation 
that has been linked to cognitive and interpersonal benefits (Diamond & Aspinwall, 2003). 
Although efforts have been made to observe emotion regulation behaviours in more naturalistic 
frustration tasks (e.g. Kim et al., 2014), it is important to understand these findings in the context 
of more positive interaction tasks as well in order to more accurately represent the range of infant 
experience. Obtaining a full picture of emotion regulation in a mother-child dyad thus requires 
inclusion of procedures that are naturalistic, and tasks that support positive exchanges as well as 
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tasks that challenge the dyad (Cole et al., 2004). 
A previous study from our laboratory (i.e. Jean & Stack, 2012) used the SF procedure 
(Tronick et al., 1978) to examine infants’ emotion regulation behaviour during periods of 
maternal availability and unavailability at 5 ½ months. This procedure consists of two normal 
interaction periods separated by a disrupted period in which mothers are emotionally unavailable 
and nonresponsive to their infants. Findings indicated that infants used more self-regulatory, 
exploratory, escape, and attention-seeking behaviour during the SF period (in which mothers are 
emotionally unavailable to their infant), as compared to both normal periods. Infants appear to be 
compensating for the lack of maternal availability by increasing their self-soothing behaviour, 
attempting to reengage with their mothers, and attempting to remove themselves from the 
distress-inducing situation. Infants used less gaze aversion and more bidirectional exchange 
during the reunion period following the disruption to the interaction, suggesting that infants were 
engaging more with their mothers following the disrupted interaction period than prior to it. This 
is in contrast to previous research demonstrating a “carry-over effect” of the SF period, in which 
infants exhibit increased negativity and difficulty reengaging with their caregiver during the 
reunion period (e.g. Kogan & Carter, 1996), and suggests that infants may be increasing their 
engagement with their caregivers in some ways in order to regulate from the distress of the SF 
period. The current study aims to extend these findings into toddlerhood using developmentally 
appropriate procedures that include both periods of maternal availability and unavailability. 
Prematurity 
Obtaining a full picture of emotion regulation also requires consideration of larger 
contextual factors that may influence parent-infant interactions. According to the Transactional 
(Sameroff, 2009) and Mutual Regulation (Tronick & Beeghly, 2011; Tronick & Gianino, 1986) 
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models of regulation, disruptions to the parent-child relationship may lead to disruptions in the 
development of emotion regulation in the infant. This may be the case for premature infants, 
whose mothers are more likely to exhibit maladaptive patterns of parenting, including decreased 
sensitivity and increased controlling behaviour (Forcada-Guex, Borghini, Pierrehumbert, 
Ansertmet, & Muller-Nix, 2011; Muller-Nix et al., 2004). Preterm infants tend to display 
heightened negative reactivity (Hsu & Jeng, 2008; Langerock et al., 2013) and to be less socially 
responsive (Bozzette, 2007) than their full-term counterparts. Preterm infants may also 
experience greater difficulty with self-regulation (Mouradian, Als, & Coster, 2000; Wolf et al., 
2002). For example, Montirosso, Borgatti, Trojan, Zanini, and Tronick (2010) found that preterm 
infants used more distancing from mothers and more social monitoring than full-term infants, 
suggesting a deficit in independent regulatory strategies and an increased reliance on external 
sources of support. Preterm infants may be especially reliant on mother-assisted regulation 
following a period of perturbed interaction, such as during the SF procedure (Jean & Stack, 
2012; Montirosso et al., 2010). 
 These differences between preterm and full-term infants may be especially pronounced in 
very preterm and very small infants, or those at medical risk (Clark, Woodward, Horwood, & 
Moor, 2008; Feldman, 2009; Mouradian et al., 2000). Previous findings from our own research 
laboratory indicate that at 5 ½ months, full-term infants use more self-soothing behaviour than 
VLBW/preterm infants during the reunion with their mothers that follows a disruption to the 
interaction (Jean & Stack, 2012). The current study aims to extend these findings into 
toddlerhood using the same sample. Although past studies have compared preterm and full-term 
infants’ emotion regulation (e.g. Clark et al., 2008; Montirosso et al., 2010), none to our 
knowledge have done so longitudinally through infancy and into toddlerhood. 
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Current Study 
 Our current understanding of early emotion regulation is thus incomplete in many ways. 
First, the traditional view that infants transition from dyadic to independent emotion regulation 
strategies has been challenged by evidence of increasing sophistication in dyadic strategies over 
time, suggesting that these behaviours may continue to play an important role in toddler 
regulation. Our perception of early development is further muddied by a lack of research into 
individual trajectories of emotion regulation, potentially obscuring important longitudinal 
relationships between dyadic and independent strategies, and by the use of distress-inducing 
tasks that may undervalue the importance of both dyadic strategies and regulation of positive 
affect. Finally, we lack clarity as to how larger-scale contextual risk factors such as prematurity 
may be disruptive to parent-child interactions and thus to the early development of emotion 
regulation. 
The current study was designed to address these gaps in the literature in four important 
ways. The first objective was to examine age-related changes in the use of self-, mother-, and 
environment-reliant regulation behaviours through infancy and into toddlerhood. An age-related 
decrease in rudimentary self-reliant soothing techniques, such as mouthing and self-touch, was 
hypothesized as infants replace these innate behaviours with more sophisticated regulation 
strategies. Consistent with maturational changes in attention over the first two years of life 
(Feldman, 2009), an age-related increase in more deliberate environment-reliant behaviours was 
hypothesized, reflecting the increased ability of infants to use cognitive strategies such as 
attention redirection as a means of regulating their emotions. Similarly, it was hypothesized that 
mother-reliant regulation strategies would increase as infants become more purposeful in their 
use of social signalling (Calkins & Hill, 2007). 
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 The second objective was to identify the individual stability and trajectories of emotion 
regulation behaviours across early development. Consistent with past literature (e.g. Feldman, 
2009; Rothbart et al., 1992), it was hypothesized that there would be small to moderate 
individual-order stability in self-, mother-, and environment-reliant regulation behaviours, and 
that this stability would be greater at later time points. Given that dyadic regulation is key to the 
development of independent regulation (Conradt & Ablow, 2010; Granat et al., 2017), it was also 
hypothesized that the use of mother-reliant regulation behaviours would predict increased self- 
and environment-reliant strategies at subsequent time points. 
 The third objective was to extend previous findings on the effects of interaction context 
on emotion regulation behaviours across the first 18 months of life. At 5 ½ months, infants used 
more independent strategies during periods of maternal availability, and more dyadic strategies 
following a disruption to the interaction (Jean & Stack, 2012). It was hypothesized that these 
findings would replicate across ages, such that infants would rely more on independent 
regulation strategies during periods of maternal emotional unavailability, as is adaptive (Kim et 
al., 2014), and that there would be increased use of dyadic strategies during interaction periods in 
which the mother was emotionally available to the infant, especially following a disruption to the 
interaction. Consistent with findings at the 5 ½ month time point, it was also hypothesized that 
attention-seeking would increase during periods of emotional unavailability as infants struggled 
with the transition from dyadic to independent strategies. 
The final objective was to examine differences in regulation strategies used by full-term 
and VLBW/preterm toddlers. At 5 ½ months, full-term infants used more self-soothing strategies 
than VLBW/preterm infants during the reunion period following a period of maternal emotional 
unavailability (Jean & Stack, 2012). Given the maturational changes in emotion regulation 
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occurring between infancy and toddlerhood, it was hypothesized that full-term toddlers would 
use more sophisticated strategies requiring cognitive processes such as distraction and allocation 
of attention, whereas VLBW/preterm toddlers would rely more heavily on rudimentary self-
soothing strategies such as mouthing and self-touch. It was expected that this difference would 
be more pronounced at 12 months than at 18 months, as biological differences are most evident 
at younger ages (Feldman, 2009; Hall et al., 2015). 
By addressing these gaps in the literature, we aimed to provide increased insight into 
normative early emotion regulation, as well as how this regulation is impacted by developmental 
changes, contextual factors, and risk to the mother-child dyad. Identifying both group and 
individual trajectories of emotion regulation behaviours over time is a crucial step towards 
understanding the development of socio-emotional competence and predicting adaptive and 
maladaptive outcomes in later life. 
Methods 
Participants 
 Participants in the current study were drawn from a longitudinal study and consisted of 
mothers and their full-term (n = 46) and very low birthweight (VLBW) preterm (n = 56) infants. 
Mother-infant dyads were recruited from the same hospital to ensure similarity in socio-
economic status and ethnic backgrounds, and were matched on infant sex, maternal age (within 5 
years), and maternal education. Demographic and medical characteristics of full-term and 
VLBW preterm infants are presented in Table 1. All dyads were tested in their homes when 
infants were 5 ½ months (Time 1), 12 months (Time 2), and 18 months (Time 3) of age. Due to 
attrition, technical difficulties, damage to videos, and procedural issues, not all dyads had data 
available at all three time points. 
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 Full-term. Following ethics approval from both Concordia University and the hospital, 
and in collaboration with the chief neonatologist, mother-infant dyads were recruited using birth 
records from a major community hospital in Montreal, Quebec. Criteria for inclusion included a 
birthweight of at least 2750 g (6 lbs), a gestation period of 37-41 weeks, and an uncomplicated 
medical history.  Mothers received a letter outlining the research, after which they were 
contacted by telephone and asked to participate. Forty-eight dyads agreed to participate. At Time 
1, eight were excluded due to: infants’ gaze obstructed (n = 2), procedural error (n = 1), SF 
period repeated more than once due to infants’ fussiness (n = 2), and mothers touching their 
infant for less than 10% of the time during the first normal period (n = 3). The latter criterion was 
included because touch is a major focus of the ongoing longitudinal project. In addition, touch is 
an important part of infant emotion regulation, and is typically used more than 65% of the time 
during normal face-to-face interactions (Jean & Stack, 2012; Stack & Jean, 2011). The final 
sample at Time 1 consisted of 40 (20 females, 20 males) full-term infants with a mean age of 
5.40 months (SD = .22). At Time 2, seven dyads who had data at Time 1 did not participate, one 
dyad was removed due to procedural error, and six dyads whose data had been excluded at Time 
1 were included at Time 2. The final sample at Time 2 consisted of 38 (19 females, 19 males) 
toddlers with a mean age of 12.44 months (SD = .41). At Time 3, three dyads with data at Time 2 
did not participate, one dyad was excluded due to technical problems with the video recording, 
and two dyads who had data at Time 1 but not Time 2 were included. At Time 3, the sample 
consisted of 36 (18 females, 18 males) toddlers with a mean age of 18.59 months (SD = .57). 
Thirty dyads (65%) had data at all three time points, eight dyads (17.5%) had data at two of the 
three time points, and eight dyads (17.5%) had data at only one time point. 
 Very-low-birthweight/preterm. VLBW/preterm infants were pre-screened for medical 
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status variables by a nurse during their 3-to-4-month follow-up visit. Criteria for inclusion 
included a birthweight of between 800 and 1500 g (1.76 – 3.30 lbs) and a gestation period 
between 26-32 weeks. Exclusion criteria included: infants who suffered from any medical 
illnesses, syndromes, or complications, including Grade IV intraventricular hemorrhage, 
hydrocephalus, severe neurological impairment, hearing loss, and retinopathy; infants who had 
been diagnosed with congenital abnormalities; infants who had experienced prolonged and/or 
repeated hospitalizations since the neonatal period; and mothers at psychological risk due to a 
history of inadequate prenatal care, drug-abuse, or mental illness. Mothers of infants who met 
criteria were sent a letter outlining the research, and subsequently contacted by telephone and 
asked to participate. Sixty-three dyads agreed to participate. At Time 1, 23 were excluded due to: 
mothers’ failure to follow instructions (n = 10), procedural error (n = 7), SF period repeated 
more than once due to infants’ fussiness (n = 4), excessive infant crying (n = 1), and mothers 
touching their infant for less than 10% of the time during the first normal period (n = 1). The 
final sample at Time 1 included 40 (21 females, 19 males) VLBW/preterm infants with a mean 
age of 5.47 months (SD = .27). At Time 2, 14 of the dyads with data at Time 1 did not 
participate, one dyad was removed due to procedural error, one was removed due to technical 
problems with the video recording, and 14 dyads who were excluded at Time 1 were included. 
At Time 2, the sample consisted of 38 (17 females, 21 males) toddlers with a mean age of 12.56 
months (SD = .59). At Time 3, 10 dyads with data at Time 2 did not participate, and nine dyads 
without data at Time 2 were included. At Time 3, the sample consisted of 37 (17 females, 20 
males) toddlers with a mean age of 18.59 months (SD = .55). Eighteen dyads (32%) had data at 
all three time points, 23 dyads (41%) had data at two time points, and 15 dyads (27%) had data at 
only one time point. Corrected gestational age (postnatal age minus the number of weeks the 
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infant was premature) was used. 
Procedure 
 Mother-infant dyads participated in home visits when infants were 5 ½, 12, and 18 
months of age. Testing took place in a well-lit room, and external distractions were minimized. 
At the beginning of each home visit, informed consent was obtained from the mother for herself 
and her child. 
 At the 5 ½-month visit (Time 1), dyads participated in the Still-Face (SF) procedure 
(Tronick et al., 1978), consisting of two two-minute normal interaction periods (normal, reunion-
normal), in which mothers were instructed to interact with their infant as they normally would, 
separated by a two-minute perturbed (SF) interaction period, during which mothers maintained a 
neutral facial expression and gazed at their infants but refrained from interacting with them. 
During the SF period, mothers were nonresponsive and emotionally unavailable to their infants. 
Each of these periods was separated by a 20-30 second transition period, during which mothers 
received instructions for the following period. Testing was interrupted if infants fretted for 20 
seconds or more, or if mothers wished to stop the session for any reason (n = 7). Following 
testing, mothers were asked to complete questionnaires regarding their demographics, and their 
infants’ developmental and medical histories. 
 At the 12- and 18-month visits (Times 2 and 3), dyads participated in a series of 
interaction periods while positioned on a mat on the floor with a set of standardized toys. The 
tasks included: a 90-second free play period, in which mothers were instructed to play with their 
infants as they normally would; a three-minute puzzle task, in which mothers were asked to 
engage their infants in developmentally appropriate puzzles provided to them; a three-minute 
interference task, in which mothers were instructed to complete questionnaires while their child 
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played close to them; and a second three-minute (reunion) free play period. The interference task 
was designed to mimic everyday situations in which mothers must divide their attention. As 
such, mothers were not explicitly instructed how to react to their infants’ bids for attention. 
However, the task parallels the SF period at Time 1 in that mothers are emotionally unavailable 
to their infants but physically present. 
Apparatus 
 Interactions were recorded using a Sony video camera positioned on a tripod to 
simultaneously capture infants and their mothers. During the SF procedure, a mirror was used to 
capture the mother’s face on the video recording. A stopwatch was used to time the duration of 
each period. At the 5 ½ month visit, infants were securely fastened in an infant seat without toys 
or pacifiers. At subsequent visits, dyads were provided with a set of age-appropriate standardized 
toys, including a doll, a tea set, a toy telephone, building blocks, books, and puzzles. 
Observational coding of videos was completed using Mangold INTERACT (version 14.3.7), a 
software system used for behavioural research that allows for the qualitative and quantitative 
analysis of multimedia data. 
Measures 
 Emotion regulation behaviours. All three time points were coded using age-appropriate 
systematic, observational coding systems. Video records of mother-infant interactions were 
coded using software with an adjustable speed control, allowing for slow motion, frame-by-
frame, and second-by-second coding. 
 Emotion regulation at Time 1 was coded as part of a previous study (i.e. Jean & Stack, 
2012) using the Infant Self-Regulation Scheme (ISRS; Millman, Jean, & Stack, 2007). This 
system was adapted from the Infant Regulatory Scoring System (IRSS; Tronick & Weinberg, 
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1996), and captures the following infant behaviours on a second-by-second basis: self-comfort 
regulatory, self-comfort exploratory, attention-seeking, escape, gaze aversion, and bidirectional 
exchange. Twenty to thirty percent of the sample was double-coded by an undergraduate student 
who was blind to the study’s hypotheses and infant birth status; an overall kappa of .90 was 
obtained. See Jean and Stack (2012) for a full description of the coding system. 
 In order to reflect the developmental changes in regulation occurring between Time 1 and 
Times 2 and 3, the Toddler Self-Regulation System (TSRS; Atkinson & Stack, 2017) was 
developed for the current study. Behavioural categories correspond to those of the ISRS and the 
Preschool Self-Regulation Scheme (PSRS; August & Stack, 2010) to reflect both continuity and 
change in emotion regulation across development. The TSRS captures the frequency and 
duration of emotion regulation behaviours in the following categories: self-comfort regulatory, 
self-comfort exploratory, attention-seeking, escape, dyadic exchange, over-activity, and 
independent play. In order to gain a better understanding of the source used for the regulation 
behaviour, behaviours were also divided into self-, mother-, and environment-reliant behaviours. 
In addition, the TSRS captures the proportion of time in which the infant is engaging versus not 
engaging with their mother during the interaction. This allows for the analysis of individual 
behaviours as a function of whether the toddler was engaged or not engaged with their mother. 
Table 2 provides brief operational definitions for each behaviour and category of behaviours. 
Thirty-two percent of video records were double-coded by a trained undergraduate student who 
was blind to the study’s hypotheses and infant birth status; kappa values for individual 
behaviours ranged from .75 to .89 at Time 2, and .76 to .89 at Time 3. Kappa values for each 
category are presented in Table 3. 
Results 
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Data Preparation 
Emotion regulation behaviours were transformed into percent durations for each dyad by 
adding together the total time allocated to each behaviour in a given interaction period, dividing 
by the total time of the interaction period, and multiplying by 100. This provided the percentage 
of time infants engaged in a given behaviour over the course of each interaction period. 
Descriptive statistics were used to identify outliers and assess the normality of the distribution. 
According to the method outlined by Tabachnick and Fidell (2013), univariate outliers were 
identified as cases with standardized scores in excess of 3.29. These were brought in to the value 
of the next score plus or minus one. After bringing in outliers, square root transformations were 
applied to variables that remained significantly positively skewed, including escape behaviour at 
Times 1 and 2, attention-seeking at Times 2 and 3, and over-activity at Times 2 and 3. After 
making these adjustments, some variables remained skewed (escape at Time 1, attention-seeking 
at Times 2 and 3); however, there is no theoretical basis for expecting emotion regulation 
behaviours to be normally distributed. Further, the analyses undertaken are considered robust to 
violations of normality (Tabachnick & Fidell, 2013). Given that data was missing at all time 
points, data was tested to ensure that data was missing completely at random (MCAR). The 
results of Little’s MCAR test was nonsignificant (χ2= 85.42, df = 72, p = 0.134); data can thus be 
assumed to be missing completely at random. Descriptive statistics are presented in Table 4. 
 The effects of age, interaction period, and birth status were analyzed using a series of 
MANOVAs conducted in IBM SPSS (v.22). Significant multivariate effects were followed by 
analysis of univariate effects and Bonferroni-adjusted pairwise comparisons to isolate the source 
of the significance. Partial eta-squared (partial η2) are reported as a measure of effect size. 
Individual trajectories were analyzed using MPlus (v.8). The path model was estimated using full 
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information maximum likelihood (FIML), which uses all available information to estimate the 
population parameters. 
Developmental Continuity and Change in Sources of Emotion Regulation 
The first objective of the study was to assess the effect of age on the source of the 
emotion regulation behaviours used by infants and toddlers. As discussed, behaviours in both 
coding systems were grouped according to whether the infant relied on themselves, their 
mothers, or the environment as the source of regulation. Behaviours were categorized as self-
reliant if the infant used self-touch, vocalizations, or movement to regulate, and included self-
comfort regulatory behaviours, and at Times 2 and 3, over-activity. Mother-reliant behaviours 
included behaviours where the infant regulated by engaging with or attempting to engage with 
their mother, and included bidirectional/dyadic exchange and attention-seeking behaviour. 
Behaviours were categorized as environment-reliant if the infant used the environment or the 
toys provided to them at Times 2 and 3 to regulate, and included self-comfort exploratory 
behaviours, escape, gaze aversion at Time 1, and independent play at Times 2 and 3. 
As there were no significant differences between the groups, full-term and 
VLBW/preterm infants were analyzed together. A one-way repeated measures MANOVA was 
conducted in IBM SPSS (v.22). In order to control for the differential effect of the perturbed 
interaction period on behaviour, only the first normal and free play periods were used.  
There was a statistically significant effect of age on the combined dependent variables, 
F(6, 42) = 34.437, p < .001; Wilks' Λ = .379; partial η2 = .621. Mauchly’s test of sphericity 
indicated that the assumption of sphericity had been violated for self-reliant (χ2(2) = 10.535, p = 
.005) behaviours; as such, the Greenhouse-Geisser correction was used for this variable. There 
were statistically significant differences in the use of self-reliant, F(1.660, 78.028) = 8.013, p = 
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.001; partial η2 = .146, mother-reliant, F(2, 94) = 8.747, p < .001; partial η2 = .157, and 
environment-reliant behaviours, F(2, 94) = 11.041, p < .001; partial η2 = .190. Pairwise 
comparisons revealed that infants used the least self-reliant and the most mother-reliant 
behaviour at Time 3. Infants used more environment-reliant behaviour at Time 1 than Times 2 
and 3. Results are presented in Figure 1. 
Individual Stability and Trajectories of Sources of Emotion Regulation 
To examine individual stability and trajectories of regulation behaviours over time, a path 
model was conducted in MPlus (v.8). Zero-order correlations are presented in Table 5. The 
bivariate relationships indicate a lack of stability in the source of emotion regulation over time, 
but a significant relationship between self- and mother-reliant behaviours over time. Categories 
of behaviour were regressed on all categories at the previous time point and allowed to correlate 
with categories at the same time point. The model was tested using a robust maximum likelihood 
(MLR) estimator to account for non-normality in the data. Using FIML, the model was estimated 
using data from all 102 participants with data for at least one time point.  Although larger 
samples are preferable for structural equation models, evidence suggests that these models can 
perform well even with smaller sample sizes (Iacobucci, 2010; Wolf, Harrington, Clark, & 
Miller, 2013). The model was sequentially tested while controlling for infant birth status, infant 
gender, and maternal age to ensure consistency of results. 
The path model showed good fit to the data (χ2(9) = 4.665, p = .8625; CFI = 1.000; 
RMSEA = .000 (.000-.059); SRMR = .029). Standardized paths are presented in Figure 2. Most 
of the hypothesized regression paths were not significant. Mother-reliant behaviour at Time 2 
was associated with mother-reliant (β = .271, p = .046) and self-reliant (β = .261, p = .022) 
behaviour at Time 1. Mother-reliant behaviour at Time 3 was associated with self-reliant 
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behaviour at Time 2 (β = .246, p = .012). 
There were significant correlations between self-reliant and environment-reliant 
behaviour (β = -.318, p < .001) and mother-reliant and environment-reliant behaviour (β = -.858, 
p < .001) at Time 1. At Time 2, there were significant correlations between environment-reliant 
behaviour and self-reliant (β = -.202, p = .028) and mother-reliant (β = -.707, p < .001) 
behaviour. At Time 3, there was a significant correlation between environment-reliant and 
mother-reliant behaviour (β = -.848, p < .001). 
Effect of Interaction Period on Use of Emotion Regulation Behaviours 
The effects of birth status and interaction period on the use of regulatory behaviour were 
assessed simultaneously using two two-way mixed MANOVAs. In order to obtain a more 
detailed picture of emotion regulation in toddlerhood, emotion regulation behaviours were 
examined individually, rather than grouping them according to the source of regulation. The 
following outcome variables were included at both time points: engagement, self-comfort 
regulatory, self-comfort exploratory, attention-seeking, escape, dyadic exchange, over-activity, 
and independent play. Significant effects were followed by analysis of univariate effects to 
determine which emotion regulation behaviours were implicated, and pairwise comparisons to 
determine at which interaction periods these differences occurred. The Wilks’ Lamda correction 
to degrees of freedom was used. 
 At Time 2, there was a statistically significant effect of interaction period on the 
combined dependent variables, F(24, 48) = 67.040, p < .001; Wilks' Λ = .029; partial η2 = .971. 
Mauchly’s test of sphericity indicated that the assumption of sphericity had been violated for: 
self-comfort regulatory (χ2(5) = 32.053, p < .001), self-comfort exploratory (χ2(5) = 37.152, p < 
.001), attention-seeking (χ2(5) = 664.789, p < .001), escape (χ2(5) = 39.520, p < .001), dyadic 
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exchange (χ2(5) = 20.588, p = .001), over-activity (χ2(5) = 20.127, p = .001), and independent 
play  (χ2(5) = 26.574, p < .001); the Greenhouse-Geisser correction was used for analysis of 
univariate effects with these variables. There were significant univariate main effects of 
interaction period on engagement, F(3, 213) = 132.828, p < .001; partial η2 = .652, self-comfort 
exploratory, F(2.375, 168.646) = 15.252, p < .001; partial η2 = .177, attention-seeking, F(1.008, 
71.562) = 59.097, p < .001; partial η2 = .454, dyadic exchange, F(2.491, 176.850) = 206.305, p < 
.001; partial η2 = .744, and independent play, F(2.399, 170.329) = 87.380, p < .001; partial η2 = 
.552. 
Toddlers spent the most time engaged with mothers during the puzzle task, followed by 
the free play and reunion-free play periods, and the least during the interference task. Toddlers 
used the most self-comfort exploratory behaviour during the free play and interference periods, 
and the least during the puzzle task. Toddlers used more attention-seeking behaviour during the 
interference task than any other period. Toddlers spent the most time in dyadic exchange 
behaviour during the puzzle task, followed by the free play and reunion-free play periods, and 
the least during the interference task. Toddlers engaged in the most independent play during the 
interference task, and the least during the puzzle task. Results are presented in Figure 3. 
At Time 3, there was a statistically significant main effect of interaction period on the 
combined dependent variables, F(23, 47) = 90.289, p < .001; Wilks' Λ = ..022; partial η2 = .978. 
Mauchly’s test of sphericity indicated that the assumption of sphericity had been violated for: 
engagement (χ2(5) = 24.634, p < .001), self-comfort regulatory (χ2(5) = 75.877, p < .001), self-
comfort exploratory (χ2(5) = 77.856, p < .001), escape (χ2(5) = 70.344, p < .001), dyadic 
exchange (χ2(5) = 31.725, p < .001), over-activity (χ2(5) = 26.306, p < .001), and independent 
play (χ2(5) = 68.115, p < .001). There were significant main effects of interaction period on 
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engagement, F(2.453, 169.225) = 113.632, p < .001; partial η2 = .622, self-comfort regulatory, 
F(2.212, 152.629) = 4.050, p = .016; partial η2 = .055, self-comfort exploratory, F(1.691, 
116.685) = 17.744, p < .001; partial η2 = .205, attention-seeking, F(1.001, 69.054) = 53.130, p < 
.001; partial η2 = .435, escape, F(2.074, 143.126) = 4.497, p = .012; partial η2 = .061, dyadic 
exchange, F(2.268, 156.471) = 156.471, p < .001; partial η2 = .758, and independent play, 
F(2.167, 149.552) = 102.966, p < .001; partial η2 = .599. 
Toddlers spent significantly more time engaged during the puzzle task than any other 
period, and least during the interference task. Self-comfort regulatory behaviour was used most 
during the interference task and least during the puzzle task. Toddlers used the most self-comfort 
exploratory behaviour during the interference task, followed by reunion-free play, free play, and 
the puzzle task. Toddlers used more attention-seeking behaviour during the interference task than 
any other task. Toddlers used the most dyadic exchange behaviour during the puzzle task, and 
the least during the interference task. Toddlers used the most independent play during the 
interference task, and the least during the puzzle task. Results are presented in Figure 4. 
Effect of Birth Status on Use of Emotion Regulation Behaviours 
 There was no significant multivariate main effect of birth status at either time point. At 
Time 3, the multivariate Interaction period x Birth status interaction effect approached 
significance, F(23, 47) = 1.650, p = .073; Wilks' Λ = .553; partial η2 = .447. A follow-up 
univariate ANOVA revealed that there was a significant Interaction period x Birth status 
interaction effect on Attention-seeking, F(3, 207) = 3.368, p = .020; partial η2 = .047, such that 
full-term toddlers used more attention-seeking behaviour than VLBW/preterm toddlers during 
the interference task but not during other periods. Results are presented in Figure 5. 
Discussion 
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The present study was designed to examine the development of emotion regulation 
behaviours across infancy and into toddlerhood. Our approach allowed for the longitudinal 
examination of both developmental continuity and individual stability in self-, mother-, and 
environment-reliant emotion regulation. Using observational coding and multiple interaction 
periods, we were able to obtain ecologically valid data on the occurrence of regulation of 
positive and negative emotions in contexts of maternal emotional availability and unavailability. 
Finally, we examined group differences between full-term and VLBW/preterm toddlers’ emotion 
regulation behaviours. The longitudinal nature of the study allowed for an examination of the 
normative developmental trajectories of emotion regulation behaviours, as well as the impact of 
individual, contextual, and risk factors on these trajectories. 
Developmental Changes in Sources of Emotion Regulation 
 Our first objective was to examine age-related changes in the use of emotion regulation 
behaviours that were self-reliant, mother-reliant, and environment-reliant. As hypothesized, there 
was a decrease in the use of self-reliant emotion regulation behaviours, such that infants used a 
lower proportion of rudimentary self-soothing behaviours at 18 months than at 5 ½ and 12 
months. This is consistent with prior research that shows that innate, physical self-soothing 
strategies may be replaced by more deliberate, cognitive strategies as infants mature (Fox & 
Calkins, 2003; Thompson & Goodman, 2010). The hypothesis that the use of mother-reliant 
strategies would increase with age was also supported: toddlers used a higher proportion of 
mother-reliant behaviours at 18 months than at prior ages. Past research has demonstrated age-
related improvements in social signalling as infants begin to recognize the potential of their 
parents to assist in their emotion regulation (Calkins & Hill, 2007). The increased use of mother-
reliant strategies during this naturalistic interaction may also reflect changes in the mother-child 
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relationship. Towards the end of the first year of life, social synchrony between parent and child 
increases, allowing for increased mutual responsivity and shared attention (Feldman, 2007). This 
may facilitate increased use of dyadic emotion regulation behaviours. 
Contrary to expectations, the use of environment-reliant emotion regulation behaviours 
decreased with age, such that infants used a greater proportion of environment-reliant strategies 
at 5 ½ months than at 12 and 18 months. This may have been partly a function of the different 
coding systems used in infancy and toddlerhood. At 5 ½ months, gaze aversion was coded as an 
environment-reliant strategy, as it is likely indicative of attention redirection. This behaviour was 
not included in the coding system for toddlers, as toddlers were expected to be more active in 
their regulation strategies, such as by using specific toys or aspects of the environment to redirect 
their attention (which would not have been possible at the 5 ½ month time point due to the nature 
of the experimental procedure). Infants used gaze aversion an average of 38.8% of the time 
during the first interaction period at 5 ½ months, potentially accounting for the difference 
between ages. 
The decrease in environment-reliant strategies may also reflect an increase in the breadth 
and flexibility of strategies used as infants age (Thompson & Goodman, 2010). Infants may rely 
less on any one given independent behaviour as they develop an increasingly varied repertoire of 
strategies. Infants may also be replacing environment-reliant strategies with mother-reliant 
strategies as they gain the ability to substitute more effective strategies for those that have proven 
to be less effective (Khoury et al., 2016; Thompson & Goodman, 2010). Given that mothers 
were emotionally available to their infants during this period, the use of mother-reliant strategies 
may have been more adaptive in this context. 
Our findings suggest that, contrary to common conceptualizations (e.g. Conradt & 
  25 
 
Ablow, 2010; Rothbart, Posner, & Kieras, 2006; Thompson & Goodman, 2010), infants are not 
transitioning from dyadic to independent regulation strategies as these abilities develop. Rather, 
they may be becoming increasingly adept in the use of both dyadic and independent strategies, or 
in shifting between them. During periods of maternal emotional availability, infants may become 
increasingly dependent on mother-reliant strategies as they age, consistent with their increased 
ability to use social cues (Calkins & Hill, 2007). These strategies are likely more adaptive for the 
infant, as they are more effective in regulating negative affect (Diener et al., 2002; Khoury et al., 
2016) and may promote a healthy parent-child relationship (Tronick & Gianino, 1986). 
Although results from our study showed a decrease in both self- and environment-reliant 
strategies with age, this was only in a context of maternal availability (i.e. normal and free play 
periods, which encouraged natural interaction between mothers and infants). As infants age, they 
may be increasingly able to recognize and adapt to their mother’s availability or unavailability, 
perhaps by selecting and implementing emotion regulation strategies accordingly. Future 
research should examine whether these age-related decreases in independent strategies hold out 
during periods of maternal unavailability, or whether the use of independent strategies increases 
in this context as infants are better able to recognize which behaviours would be most 
appropriate given the context. Given the use of two different disrupted interaction periods, this 
direct comparison was not possible in the current study. 
Individual Stability and Trajectories of Sources of Emotion Regulation 
Understanding the developmental trajectories of dyadic and independent regulation 
behaviours also requires an understanding of the relationship between them across development. 
By examining the use of these behaviours in individuals over time, we gain a better 
understanding of whether infants are transitioning from one source of regulation to another, or 
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remaining consistent in their use of a given source. 
 Contrary to hypotheses, there was no individual-order stability in self- and environment-
reliant strategies (as measured). There was moderate stability in mother-reliant strategies from 5 
½ to 12 months of age, but not from 12 to 18 months. Some researchers posit that the lack of 
individual stability is due to the different maturational rates of behavioural and neurobiological 
capabilities contributing to changing emotion regulation (Thompson & Goodman, 2010). Indeed, 
infants are undergoing major changes to their attentional and social abilities during this time 
period (Brownell & Kopp, 2007; Ruff & Rothbart, 2001), potentially accounting for the lack of 
stability across development. Along these same lines, the lack of stability in mother-reliant 
behaviours between 12 and 18 months may be related to major changes occurring in toddlers’ 
social and communicative abilities in the second year of life, including increased ability and 
motivation for joint attention (Akhtar & Martínez-Sussmann, 2007). 
 Rather than mother-reliant behaviours predicting future use of independent regulation, 
our results revealed the opposite pattern: increased use of self-reliant strategies at both 5 ½ 
months and 12 months predicted increased mother-reliant behaviours at the following time point. 
As was the case for the first objective, the results suggest that there is not a unidirectional 
relationship between sources of regulation, such that dyadic behaviours predict the emergence of 
independent behaviours, but rather a more complicated relationship that is likely influenced by 
individual and contextual factors. 
There are several possible reasons for our findings. Given the relationship between 
emotion regulation and social competence (Leerkes et al., 2009; Penela et al., 2015), it is 
possible that infants who were better able to self-regulate made for better interaction partners, 
thus encouraging greater use of dyadic behaviour at subsequent time points. It is also possible 
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that infants who are more adept at self-soothing at a younger age are more adept at seeking their 
mothers’ assistance in regulation at older ages, as they increase their repertoire of strategies and 
their ability to deploy them selectively. Alternatively, these infants may have learned early in 
development that self-reliant strategies were less effective than mother-reliant behaviours and 
increased their use of dyadic strategies over time. Future studies should examine whether this 
relationship holds during periods of parent unavailability to determine whether these infants are 
selectively using more mother-reliant strategies when it is adaptive, or whether they are 
implementing them indiscriminately. Given the use of varying interaction tasks, such a 
comparison was not possible in the current study. Future studies should also examine whether 
infants who use more self-soothing behaviour in early life develop a larger repertoire of 
strategies than infants who are less adept at self-soothing in early life. 
Effect of Interaction Context on Emotion Regulation Behaviours 
 Our third objective was to extend results of a previous study demonstrating that, at 5 ½ 
months, infants used increased self-comforting, attention-seeking, and escape behaviours during 
a period of maternal unavailability, and increased their engagement with mothers following that 
disruption to the interaction (Jean & Stack, 2012). Consistent with hypotheses, at 12 and 18 
months toddlers responded to the interference task with increased attention-seeking and 
independent behaviours such as self-comforting and independent play. Switching to self- and 
environment-reliant strategies during periods of emotional unavailability is likely an adaptive 
and effective response in infants (Kim et al., 2014). Toddlers engaged the most with their 
mothers and used the highest percentage of dyadic exchange behaviours during the puzzle task, 
an interaction context that is designed to stimulate social exchange, teaching, and dyadic play. At 
all three ages, the use of emotion regulation behaviours was determined in part by interaction 
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context. 
The differences that were observed between the normal and reunion-normal periods at 5 
½ months (i.e. Jean & Stack, 2012) were not present in the free play and reunion-free play 
periods at 12 and 18 months, perhaps because the interference task was less distressing than the 
SF period. Unlike the SF period, the interference task does not involve complete non-
responsiveness on the part of the mother and is instead designed to simulate naturalistic 
situations in which the mother must divide her attention, potentially lessening the need of the 
toddler for dyadic regulation. Toddlers may also have been using the standardized toys provided 
rather than their mothers to regulate following the interference task, whereas this was not a 
possibility for infants at 5 ½ months given the nature of the interaction period. Finally, this 
finding may be reflective of true developmental changes, such that younger infants are more 
likely to reengage with their mothers following a disruption to the interaction than are older 
infants, who may be more capable of regulating to this disruption independently. 
Differences Between Full-term and VLBW/Preterm Infants’ Emotion Regulation 
 Our final objective was to examine the differences between full-term and VLBW/preterm 
toddlers’ use of emotion regulation behaviours. Contrary to our hypotheses, there were no 
significant group differences between full-term and VLBW/preterm toddlers at 12 or 18 months. 
At 18 months, there was a marginally significant effect, such that full-term toddlers used more 
attention-seeking behaviour than VLBW/preterm toddlers during the interference task, but not 
during other interaction periods. This effect should be interpreted with caution. However, this 
finding is consistent with prior findings from our laboratory demonstrating that at 5 ½ months, 
full-term infants continued to rely on independent regulation strategies after their mothers’ 
availability was renewed (Jean & Stack, 2012). This transition between emotional availability 
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and unavailability, and between dyadic and independent strategies, is likely difficult for infants 
and toddlers, however it is unexpected that full-term infants would have more difficulty than 
VLBW/preterm infants. It is possible that this represents an adaptive strategy on the part of full-
term infants; perhaps they engage in more attention-seeking behaviour because they have 
generally been more successful in regaining their mothers’ attention and resuming dyadic play. 
Indeed, infants who experience more coordinated interactions with their mother are more likely 
to persist longer in trying to reinstate this normal interaction when it is disrupted (Tronick & 
Gianino, 1986). Future studies should distinguish between positive and negative attention-
seeking, as well as measure the effectiveness of these strategies in reengaging the mother in full-
term and preterm infants and toddlers. 
 As previously discussed, differences between full-term and preterm infants tend to be 
more pronounced at earlier ages (Feldman, 2009; Hall et al., 2015). It is possible that differences 
between full-term and preterm infants in emotion regulation have largely dissipated by 
toddlerhood. Indeed, most studies examining these differences have done so using samples of 
nine months or younger (Bozzette, 2007). If it is the case that differences observed in early 
infancy have decreased by toddlerhood, it offers promising insight into the ability of healthy 
VLBW/preterm infants to “catch up” to their full-term counterparts in terms of socioemotional 
development. 
The lack of differences between full-term and VLBW/preterm toddlers may also be due 
in part to the nature of our sample. Although VLBW infants are considered a high-risk 
population (Hack et al., 2002), the current sample was carefully screened for medical issues and 
corrected for gestational age in order to provide a conservative estimate of group differences and 
attempt to disentangle medical risk from VLBW and prematurity. As such, there may have been 
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fewer biological differences between the samples than there would be in a typical preterm 
sample. This is in line with findings that abnormalities in cerebral white matter are one of the 
strongest predictors of impairments in emotion regulation in preterm infants (Clark et al., 2008), 
a difference that may be absent in our relatively healthy sample. 
The absence of medical conditions has biological implications beyond differences present 
at birth. Recent epigenetic studies have suggested that early adverse experiences associated with 
premature birth, such as exposure to prolonged hospitalization and painful procedures, affect 
developmental trajectories of preterm infants via alterations of stress-related genes (Provenzi, 
Guida, & Montirosso, 2018). The stringent exclusion criteria applied in the current study enabled 
us to control, at least in part, for the impact of these stressful experiences on socioemotional 
development. 
 Aside from biological factors, psychosocial factors may also have played a role. Deficits 
in preterm infants’ emotion regulation abilities are often conceptualized as resulting from 
decreased parental sensitivity; however, findings on parenting behaviours in parents of preterm 
infants have been mixed. Although there is evidence that parents of preterm infants tend to be 
less sensitive and more controlling (Forcada-Guex et al., 2011; Muller-Nix et al., 2004), other 
studies have found no differences in parenting behaviour (Korja et al., 2008; Montirosso et al., 
2010). One meta-analysis including studies from 1980-2014 concluded that mothers of preterm 
infants are neither less sensitive nor less responsive toward their children than mothers of full-
term children (Bilgin & Wolke, 2015). Given the relationship between parental sensitivity and 
children’s emotion regulation (Clark et al., 2008; Conradt & Ablow, 2010), it is important to 
understand whether and under what circumstances differences in sensitivity occur in parents of 
preterm infants. This may explain, at least in part, when deficits in emotion regulation are seen in 
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preterm infants. Given the reduced medical risk in our sample as compared to typical preterm 
samples, it is possible that maternal sensitivity was less affected by parental stress, potentially 
contributing to the lack of differences in infant emotion regulation. Future studies should 
examine the relationship between infant medical risk, parental stress, and parental sensitivity, to 
potentially explain the discrepancy in past findings.  
 Another possible explanation for the discrepancy between our findings and past studies 
that have found deficits in preterms’ emotion regulation abilities (e.g. Montirosso et al., 2010; 
Mouradian et al., 2000; Wolf et al., 2002) is that we did not include any measures of distress or 
emotionality. Thus, our study does not speak to the effectiveness of the employed emotion 
regulation behaviours. It is possible that VLBW/preterm infants are using the same strategies as 
their full-term counterparts, but are using them in a less effective manner, leading to increased 
dysregulation. Future studies should simultaneously code emotion regulation behaviours and 
infant affect in order to address the effectiveness of regulation in both groups. 
Limitations and Future Directions 
 Limitations of the current study include the small sample size, especially in regards to the 
path analysis. Although evidence suggests that path models are valid even in smaller samples 
(Iacobucci, 2010; Wolf et al., 2013), a larger sample would provide more power, and thus the 
results of our path analysis should be interpreted with caution. The difference in interaction 
periods between Time 1 versus Times 2 and 3 was also a limitation of the study. Using an 
interference task rather than the SF procedure enabled us to examine mother-toddler interactions 
in a more naturalistic context and was reflective of developmental changes occurring between 5 
½ and 12 months. Although developmentally more appropriate, using different interaction 
contexts prevented us from making direct comparisons of regulatory behaviour during periods of 
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maternal emotional unavailability. Future research should examine the effect of maternal 
emotional availability on infant emotion regulation longitudinally during the same contexts.  
 The use of healthy VLBW/preterm infants who were corrected for gestational age was a 
strength of our study, as it allowed us to control for the potentially confounding effect of medical 
illness. However, it also limits the generalizability of our findings to healthy preterm infants, 
who represent a lower-risk group than typical samples of VLBW/preterm infants. Future 
research should examine whether VLBW/preterm infants at higher medical risk exhibit the same 
deficits in emotion regulation as have been found in prior studies of premature infants (e.g. 
Montirosso et al., 2010; Mouradian et al., 2000; Wolf et al., 2002). 
 As is the case with most developmental research, a limitation of the current study was the 
inclusion of mothers but not fathers. The inclusion of fathers would be of interest, as 
relationships with both parents are integral to the early development of emotion regulation and 
may affect the use of parent-reliant regulation strategies (Diener et al., 2002). Future research 
should examine differences between strategies used with both parents. 
 Finally, although the focus of the current study was on examining emotion regulation 
behaviours over time, future research would benefit from the inclusion of infant and maternal 
characteristics in order to understand individual differences in the development of emotion 
regulation. Examining the impact of infant characteristics, such as temperament and executive 
function, maternal characteristics, such as emotionality, stress, and sensitivity, and characteristics 
of the dyad, such as goodness of fit, would allow for a more comprehensive understanding of the 
development of emotion regulation behaviours in the infant. 
Conclusions 
 Taken together, our findings provide a number of contributions to the literature. Firstly, 
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the early development of emotion regulation appears to be characterized by change at both group 
and individual levels. That is, our findings suggest a lack of both group mean-level continuity 
and individual-order stability in the use of independent and dyadic emotion regulation strategies 
from infancy to toddlerhood. This may be explained by the major maturational changes 
occurring during this stage of development, including alterations to attentional, behavioural, 
social, and neurobiological capabilities (Brownell & Kopp, 2007; Thompson & Goodman, 
2010). 
 Second, traditional models of emotion regulation development which posit that infants 
transition from dyadic to independent emotion regulation strategies may be overlooking the 
importance of the ongoing development of dyadic strategies. Our findings suggest that from 
infancy to toddlerhood, children actually use increasing amounts of parent-reliant regulation 
strategies as they become increasingly adept at social signalling and replace less effective 
strategies with more effective ones. This is in keeping with the Transactional model (Sameroff, 
2009), which posits that developmental changes are driven by adaptations to the environment 
and to interactions with parents. As infants accumulate experiences of successful regulation by 
their parents, they may adjust their strategies accordingly, prompting the increased use of dyadic 
strategies across early development. Further, rather than a unidirectional relationship in which 
dyadic strategies predict the development of independent strategies, it appears that self-
regulatory strategies may predict use of parent-reliant strategies. The Mutual Regulation model 
(Tronick & Beeghly, 2011; Tronick & Gianino, 1986) contends that infants are simultaneously 
regulating their own internal state and their parent’s behaviours. In keeping with this model, our 
findings may suggest that infants who are more adept at using self-soothing strategies make for 
better interaction partners, or are more active in seeking parental involvement in regulation. 
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 Our results also point to the importance of considering context when examining emotion 
regulation behaviours. Given that many studies of emotion regulation induce infant distress by 
briefly depriving them of maternal interaction, it is easy to overlook the importance of mother-
reliant strategies. However, dyadic regulation is an integral piece of self-regulation according to 
both the Transactional (Sameroff, 2009) and Mutual Regulation (Tronick & Beeghly, 2011; 
Tronick & Gianino, 1986) models of regulation. According to Sameroff (2009), regulation by 
others provides the context for self-regulation. Tronick and Gianino (1986) posit that infants’ 
independent regulatory capacities are augmented by parental involvement. Indeed, when parents 
are available to their infant, these parent-reliant strategies may be more effective and more 
adaptive than independent strategies (Diener et al., 2002; Khoury et al., 2016). Findings from our 
study suggest that these are used to a greater extent than self- or environment-reliant strategies 
by both infants and toddlers. Rather than the use of dyadic or independent strategies on their 
own, it is likely the ability to adapt to the context and be flexible in their use of emotion 
regulation strategies that is adaptive for an infant. Future studies should examine the ability of 
infants to transition between dyadic and independent strategies depending on the availability of 
their parent. 
 Finally, our results provide preliminary evidence that, in the absence of medical risk, 
prematurity may not be as disruptive to the development of emotion regulation as hypothesized, 
at least in the way it was measured. By using stringent inclusion/exclusion criteria and correcting 
for gestational age, we were able to control for the effects of medical illness, and in doing so we 
did not replicate previous findings of deficits in premature infants’ emotion regulation abilities 
(e.g., Montirosso et al., 2010; Mouradian et al., 2000; Wolf et al., 2002). It is possible that some 
differences in early life are dissipating as infants age. It is also possible that in the absence of 
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medical risk, preterm infants do not differ as much from their full-term counterparts in the 
development of emotion regulation strategies. Future research should aim to isolate the factors 
involved in disrupting the development of adaptive emotion regulation in preterm infants by 
examining the effects of different types of medical risk, as well as parenting factors such as 
stress and sensitivity, and infant factors such as temperament and executive function. 
 Results from the current study extend prior knowledge of early development of emotion 
regulation by examining developmental changes and individual trajectories of regulation 
longitudinally from infancy to toddlerhood. By using naturalistic interaction contexts and 
systematic observational coding systems, we were able to capture ecologically valid snapshots of 
how infants and toddlers regulate in everyday life. Further, by including periods of both maternal 
availability and unavailability, we were able to capture a range of regulation behaviours that 
occur in contexts of both positive and negative emotions. Finally, by examining the effects of 
prematurity in healthy VLBW/preterm infants, the current study challenged the 
conceptualization of premature birth as a risk factor for the development of emotion regulation in 
the absence of medical illness. 
 Given the implications of maladaptive early regulation for socioemotional, behavioural, 
and psychological functioning in later life (e.g. Crespo et al., 2017; Di Maggio et al., 2016; 
Penela et al., 2015; Rawana et al., 2014), an understanding of normative and disrupted 
developmental patterns of regulation is central to early identification and intervention for at-risk 
dyads. Longitudinal studies beginning early in life may aid in long-term prediction of socio-
emotional competence, as well as adaptive and maladaptive psychological outcomes throughout 
the lifespan. 
  
  36 
 
References 
Ainsworth, M. D. S., & Wittig, B. A. (1969). Attachment and exploratory behavior of one-year-
olds in a strange situation. In B. M. Foss (Ed.), Determinants of infant behavior (Vol. 4, 
pp. 111-136). London, England: Methuen 
Akhtar, N., & Martínez-Sussmann, C. (2007). Intentional communication. In C. A. Brownell, & 
C. B. Kopp (Eds.), Socioemotional development in the toddler years (pp. 201–220). New 
York, NY: Guilford. 
Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotion-regulation strategies across 
psychopathology: A meta-analytic review. Clinical Psychology Review, 30(2), 217-237. 
doi:10.1016/j.cpr.2009.11.004 
Atkinson, N., & Stack, D. M. (2017). Toddler Self-Regulatory System. Unpublished document, 
Concordia University, Montreal, Quebec, Canada. 
August, E. G., & Stack, D. M. (2010). Preschooler Self-Regulatory Scheme. Unpublished 
document, Concordia University, Montreal, Quebec, Canada. 
August, E. G., Stack, D. M., Martin-Storey, A., Serbin, L. A., Ledingham, J., & Schwartzman, 
A. E. (2015). Emotion regulation in at-risk preschoolers: Longitudinal associations and 
influences of maternal histories of risk. Infant and Child Development, 26(1). 
doi:10.1002/icd.1954 
Bell, M. A., & Wolfe, C. D. (2004). Emotion and cognition: An intricately bound developmental 
process. Child Development, 75(2), 366-370. doi:10.1111/j.1467-8624.2004.00679 
Bilgin, A., & Wolke, D. (2015). Maternal sensitivity in parenting preterm children: A meta-
analysis. Pediatrics, 138(1), 1-17. doi:10.1542/peds.2014-3570 
Bornstein, M. H., Putnick, D. L., & Esposito, G. (2017). Continuity and stability in development. 
  37 
 
Child Development Perspectives,1 11(2), 113-119. doi: 10.1111/cdep.12221 
Bozzette, M. (2007). A review of research on premature infant-mother interaction. Newborn and 
Infant Nursing Reviews, 7(1), 49-55. doi:10.1053/j.nainr.2006.12.002 
Brownell, C. A., & Kopp, C. B. (2007). Transitions in toddler socioemotional development: 
Behavior, understanding, relationships. In C. A. Brownell & C. B. Kopp (Eds.), 
Socioemotional development in the toddler years (pp. 1–42). New York, NY: Guilford. 
Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in anterior 
cingulate cortex. Trends in Cognitive Sciences, 4(6), 215-222. doi:10.1016/S1364-
6613(00)01483-2 
Calkins, S. D., & Fox, N. A. (2002). Self-regulatory processes in early personality development: 
A multilevel approach to the study of childhood social withdrawal and aggression. 
Development and Psychopathology, 14(3), 477-498. doi:10.1017/S095457940200305X 
Calkins, S. D., & Hill, A. (2007). Caregiver influences on merging emotion regulation: 
Biological and environmental transactions in early development. In J. J. Gross (Ed.), 
Handbook of Emotion Regulation (pp. 606–615). New York, NY: Guilford Press. 
Calkins, S. D., & Marcovitch, S. (2010). Emotion regulation and executive functioning in early 
development: Integrated mechanisms of control supporting adaptive functioning. In S. D. 
Calkins & M. A. Bell (Eds.), Child development at the intersection of emotion and 
cognition (pp. 37-57). Washington, DC: American Psychological Association. 
Clark, C. A., Woodward, L. J., Horwood, L. J., & Moor, S. (2008). Development of emotional 
and behavioral regulation in children born extremely preterm and very preterm: Biological 
and social influences. Child Development, 79(5), 1444-1462.  
doi:10.1111/j.1467-8624.2008.01198.x 
  38 
 
Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion regulation as a scientific construct: 
Methodological challenges and directions for child development research. Child 
Development, 75(2), 317-333. doi:10.1111/j.1467-8624.2004.00673.x 
Conradt, E., & Ablow, J. (2010). Infant physiological response to the still-face paradigm: 
Contributions of maternal sensitivity and infants’ early regulatory behavior. Infant 
Behavior and Development, 33(3), 251–265. doi:10.1016/j.infbeh.2010.01.001 
Crespo, L. M., Trentacosta, C. J., Aikins, D., & Wargo-Aikins, J. (2017). Maternal emotion 
regulation and children’s behavior problems: The mediating role of child emotion 
regulation. Journal of Child and Family Studies, 26(10), 2797-2809.  
doi:10.1007/s10826-017-0791-8 
Denham, S. A., Blair, K. A., DeMulder, E., Levitas, J., Sawyer, K., Auerbach–Major, S., & 
Queenan, P. (2003). Preschool emotional competence: Pathway to social competence? 
Child Development, 74(1), 238-256. doi:10.1111/1467-8624.00533 
Denham, S. A., Mitchell-Copeland, J., Strandberg, K., Auerbach, S., & Blair, K. (1997). Parental 
contributions to preschoolers' emotional competence: Direct and indirect effects. 
Motivation and Emotion, 21(1), 65-86. doi:10.1023/A:1024426431247 
Di Maggio, R., Zappulla, C., & Pace, U. (2016). The relationship between emotion knowledge, 
emotion regulation and adjustment in preschoolers: A mediation model. Journal of Child 
and Family Studies, 25(8), 2626-2635. doi:10.1007/s10826-016-0409-6 
Diamond, L. M., & Aspinwall, L. G. (2003). Emotion regulation across the life span: An 
integrative perspective emphasizing self-regulation, positive affect, and dyadic processes. 
Motivation and Emotion, 27(2), 125-156. doi:10.1023/A:1024521920068 
Diener, M. L., Mangelsdorf, S. C., McHale, J. L., & Frosch, C. A. (2002). Infants' behavioral 
  39 
 
strategies for emotion regulation with fathers and mothers: Associations with emotional 
expressions and attachment quality. Infancy, 3(2), 153-174.  
doi:10.1207/S15327078IN0302_3 
Feldman, R. (2007). Parent–infant synchrony and the construction of shared timing: 
Physiological precursors, developmental outcomes, and risk conditions. Journal of Child 
Psychology and Psychiatry, 48(3-4), 329-354. doi:10.1111/j.1469-7610.2006.01701.x 
Feldman, R. (2009). The development of regulatory functions from birth to 5 years: Insights 
from premature infants. Child Development, 80(2), 544-561.  
doi:10.1111/j.1467-8624.2009.01278.x 
Forcada-Guex, M., Borghini, A., Pierrehumbert, B., Ansermet, F., & Muller-Nix, C. (2011). 
Prematurity, maternal posttraumatic stress and consequences on the mother-infant 
relationship. Early Human Development, 87(1), 21–26.  
doi:10.1016/j.earlhumdev.2010.09.006 
Fox, N. A., & Calkins, S. D. (2003). The development of self-control of emotion: Intrinsic and 
extrinsic influences. Motivation and Emotion, 27(1), 7-26. doi:10.1023/A:1023622324898 
Garside, R. B., & Klimes-Dougan, B. (2002). Socialization of discrete negative emotions: 
Gender differences and links with psychological distress. Sex Roles, 47(3-4), 115-128.  
doi:10.1023/A:1021090904785 
Granat, A., Gadassi, R., Gilboa-Schechtman, E., & Feldman, R. (2017). Maternal depression and 
anxiety, social synchrony, and infant regulation of negative and positive emotions. 
Emotion, 17(1), 11–27. doi:10.1037/emo0000204 
Graziano, P. A., Reavis, R. D., Keane, S. P., & Calkins, S. D. (2007). The role of emotion 
regulation in children's early academic success. Journal of School Psychology, 45(1), 3-19. 
  40 
 
doi:10.1016/j.jsp.2006.09.002 
Hack, M., Flannery, D. J., Schluchter, M., Cartar, L., Borawski, E., & Klein, N. (2002). 
Outcomes in young adulthood for very-low-birth-weight infants. New England Journal of 
Medicine, 346(3), 149-157. doi:10.1056/NEJMoa010856 
Hall, R. A. S., Hoffenkamp, H. N., Tooten, A., Braeken, J., Vingerhoets, A. J. J. M., & van 
Bakel, H. J. A. (2015). The quality of parent-infant interaction in the first 2 years after full-
term and preterm birth. Parenting, 15(4), 247–268. doi:10.1080/15295192.2015.1053333 
Hill, A. L., Degnan, K. A., Calkins, S. D., & Keane, S. P. (2006). Profiles of externalizing 
behavior problems for boys and girls across preschool: The roles of emotion regulation and 
inattention. Developmental Psychology, 42(5), 913-928. doi:10.1037/0012-1649.42.5.913 
Hsu, H., & Jeng, S. (2008). Two-month-olds’ attention and affective response to maternal still 
face: A comparison between term and preterm infants in Taiwan. Infant Behavior and 
Development, 31(2), 194–206. doi:10.1016/j.infbeh.2007.10.008 
Iacobucci, D. (2010). Structural equations modeling: Fit indices, sample size, and advanced 
topics. Journal of Consumer Psychology, 20(1), 90-98. doi:10.1016/j.jcps.2009.09.003 
Jean, A. D. L., & Stack, D. M. (2012). Full-term and very-low-birth-weight preterm infants’ self-
regulating behaviors during a Still-Face interaction: Influences of maternal touch. Infant 
Behavior and Development, 35(4), 779–791. doi:10.1016/j.infbeh.2012.07.023 
Khoury, J. E., Gonzalez, A., Levitan, R., Masellis, M., Basile, V., & Atkinson, L. (2016). Infant 
emotion regulation strategy moderates relations between self-reported maternal depressive 
symptoms and infant HPA activity. Infant and Child Development, 24(1), 64–83.  
doi:10.1002/icd.1916 
Kim, B. R., Stifter, C. A., Philbrook, L. E., & Teti, D. M. (2014). Infant emotion regulation: 
  41 
 
Relations to bedtime emotional availability, attachment security, and temperament. Infant 
Behavior and Development, 37(4), 480-490. doi:10.1016/j.infbeh.2014.06.006 
Kogan, N., & Carter, A. S. (1996). Mother-infant reengagement following the still-face: The role 
of maternal emotional availability an infant affect regulation. Infant Behavior and 
Development, 19(3), 359-370. doi:10.1016/S0163-6383(96)90034-X 
Korja, R., Maunu, J., Kirjavainen, J., Savonlahti, E., Haataja, L., Lapinleimu, H., ... & PIPARI 
Study Group. (2008). Mother–infant interaction is influenced by the amount of holding in 
preterm infants. Early Human Development, 84(4), 257-267. 
doi:10.1016/j.earlhumdev.2007.06.006 
Langerock, N., de Jonge, L. V. H., Graz, M. B., Hüppi, P. S., Tolsa, C. B., & Barisnikov, K. 
(2013). Emotional reactivity at 12 months in very preterm infants born at < 29 weeks of 
gestation. Infant Behavior and Development, 36(3), 289-297.  
doi:10.1016/j.infbeh.2013.02.006 
Leerkes, E. M., Blankson, A. N., & O’Brien, M. (2009). Differential effects of maternal 
sensitivity to infant distress and nondistress on social-emotional functioning. Child 
Development, 80(3), 762-775. doi:10.1111/j.1467-8624.2009.01296.x 
Manian, N., & Bornstein, M. H. (2009). Dynamics of emotion regulation in infants of clinically 
depressed and nondepressed mothers. Journal of Child Psychology and Psychiatry, 50(11), 
1410–1418. doi:10.1111/j.1469-7610.2009.02166.x 
Millman, T. P., Jean, A., & Stack, D. M. (2007). Infant Self-Regulation Scheme (ISRS). 
Unpublished undergraduate thesis, Concordia University, Montreal, Canada . 
Montirosso, R., Borgatti, R., Trojan, S., Zanini, R., & Tronick, E. (2010). A comparison of 
dyadic interactions and coping with still‐face in healthy pre‐term and full‐term infants. 
  42 
 
British Journal of Developmental Psychology, 28(2), 347-368.  
doi:10.1348/026151009X416429 
Morales, M., Mundy, P., Crowson, M. M., Neal, A. R., & Delgado, C. E. (2005). Individual 
differences in infant attention skills, joint attention, and emotion regulation behaviour. 
International Journal of Behavioral Development, 29(3), 259-263. 
doi:10.1111/j.1467-8624.2007.01042.x 
Mouradian, L. E., Als, H., & Coster, W. J. (2000). Neurobehavioral functioning of healthy 
preterm infants of varying gestational ages. Journal of Developmental and Behavioral 
Pediatrics, 21(6), 408-416. doi:10.1097/00004703-200012000-00002 · 
Muller-Nix, C., Forcada-Guex, M., Pierrehumbert, B., Jaunin, L., Borghini, A., & Ansermet, F. 
(2004). Prematurity, maternal stress and mother-child interactions. Early Human 
Development, 79(2), 145–158. doi:10.1016/j.earlhumdev.2004.05.002 
Ostlund, B. D., Measelle, J. R., Laurent, H. K., Conradt, E., & Ablow, J. C. (2017). Shaping 
emotion regulation: Attunement, symptomatology, and stress recovery within mother-
infant dyads. Developmental Psychobiology, 59(1), 15–25. doi:10.1002/dev.21448 
Penela, E. C., Walker, O. L., Degnan, K. A., Fox, N. A., & Henderson, H. A. (2015). Early 
behavioral inhibition and emotion regulation: Pathways toward social competence in 
middle childhood. Child Development, 86(4), 1227-1240. doi:10.1111/cdev.12384 
Provenzi, L., Guida, E., & Montirosso, R. (2018). Preterm behavioral epigenetics: A systematic 
review. Neuroscience & Biobehavioral Reviews, 84, 262-271.  
doi:10.1016/j.neubiorev.2017.08.020 
Raffaelli, M., Crockett, L. J., & Shen, Y. L. (2005). Developmental stability and change in self-
regulation from childhood to adolescence. The Journal of Genetic Psychology, 166(1), 54-
  43 
 
76. doi:10.3200/GNTP.166.1.54-76 
Rawana, J. S., Flett, G. L., McPhie, M. L., Nguyen, H. T., & Norwood, S. J. (2014). 
Developmental trends in emotion regulation: A systematic review with implications for 
community mental health. Canadian Journal of Community Mental Health, 33(1), 31-44. 
doi:10.7870/cjcmh-2014-004 
Rothbart, M. K., Posner, M. I., & Kieras, J. (2006). Temperament, attention, and the 
development of self-regulation. In K. McCartney & D. Phillips (Eds.) Blackwell handbook 
of early childhood development (pp. 338-357). Malden, MA: Blackwell.  
Rothbart, M. K., Ziaie, H., & O'boyle, C. G. (1992). Self-regulation and emotion in infancy. New 
Directions for Child and Adolescent Development, 55, 7-23. doi:10.1002/cd.23219925503 
Rueda, M. R., Posner, M. I., & Rothbart, M. K. (2004). Attentional control and self-regulation. 
In R. F. Baumeister & K. D. Vohs (Eds.), Handbook of self-regulation: Research, theory, 
and applications (pp. 283-300). New York, NY: Guilford. 
Ruff, H. A., & Rothbart, M. K. (2001). Attention in early development: Themes and variations. 
New York, NY: Oxford University Press. 
Sameroff, A. (2009). The transactional model of development: How children and contexts shape 
each other. Washington, DC: American Psychological Association. 
Schore, A. N. (2015). Affect regulation and the origin of the self: The neurobiology of emotional 
development. New York, NY: Routledge. 
Stack, D. M., & Jean, A. D. L. (2011). Communicating through touch: Touching during parent–
infant interactions. In M. J. Hertenstein & S. J. Weiss (Eds.), The handbook of touch: 
Neuroscience, behavior, and health perspective (pp. 273–298). New York, NY: Springer 
Publishing Company.  
  44 
 
Stifter, C. A., & Braungart, J. M. (1995). The regulation of negative reactivity in infancy: 
function and development. Developmental Psychology, 31(3), 448-455.  
doi:10.1037/0012-1649.31.3.448 
Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (6th ed.). Boston, MA: 
Pearson Education Inc. 
Thomas, J. C., Letourneau, N., Campbell, T. S., Tomfohr-Madsen, L., & Giesbrecht, G. F. 
(2017). Developmental origins of infant emotion regulation: Mediation by temperamental 
negativity and moderation by maternal sensitivity. Developmental Psychology, 53(4), 611-
628. doi:10.1037/dev0000279 
Thompson, R. A. (1994). Emotion regulation: A theme in search of definition. Monographs of 
the Society for Research in Child Development, 59(2-3), 25–52.  
doi:10.1111/j.1540-5834.1994.tb01276.x 
Thompson, R. A., & Goodman, M. (2010). Development of emotion regulation. In A. M. Kring 
& D. M. Sloan (Eds.), Emotion Regulation and Psychopathology (pp. 38-58). New York, 
NY: Guilford Press. 
Tronick, E., & Beeghly, M. (2011). Infants' meaning-making and the development of mental 
health problems. American Psychologist, 66(2), 107-119. doi:10.1037/a0021631 
Tronick, E., & Gianino, A. F. (1986). The transmission of maternal disturbance to the infant. 
New Directions for Child and Adolescent Development, 1986(34), 5–11.  
doi:10.1002/cd.23219863403 
Tronick, E., & Weinberg, M. K. (1996). The Infant Regulatory Scoring System (IRSS). 
Unpublished document. Children's Hospital/Harvard Medical School, Boston, MA. 
Tronick, E., Als, H., Adamson, L., Wise, S., & Brazelton, T. B. (1978). The infant’s response to 
  45 
 
entrapment between contradictory messages in face-to-face interaction. Journal of the 
American Academy of Child Psychiatry, 17(1), 1–13. doi:10.1016/S0002-7138(09)62273-1 
Weinberg, M. K., & Tronick, E. Z. (1994). Beyond the face: An empirical study of infant 
affective configurations of facial, vocal, gestural, and regulatory behaviors. Child 
Development, 65(5), 1503-1515. doi:10.1111/j.1467-8624.1994.tb00832.x 
Wolf, E. J., Harrington, K. M., Clark, S. L., & Miller, M. W. (2013). Sample size requirements 
for structural equation models: An evaluation of power, bias, and solution property. 
Educational and Psychological Measurement, 73(6), 913-934. 
doi:10.1177/0013164413495237 
Wolf, M. J., Koldewijn, K., Beelen, A., Smit, B., Hedlund, R., & Groot, I. D. (2002). 
Neurobehavioral and developmental profile of very low birthweight preterm infants in 




  46 
 
Table 1 
Demographic and Medical Characteristics of Full-term and VLBW/PT Infants at Birth 
 Full-term (n = 46) VLBW/PT (n = 56) 
M SD M SD 
Maternal age (years) 30.13 5.19 32.12 5.79 
Maternal education ** 14.46 2.08 13.20 2.08 
Infant birthweight (grams) *** 3533.70 413.62 1110.13 269.31 
Infant gestational age (weeks) *** 39.57 1.05 28.66 2.33 
Emergency C-section (%) *** 37.00  80.00  
One-minute APGAR *** 8.61 .99 5.96 2.25 
Five-minute APGAR *** 9.20 .55 7.89 1.44 
Length of hospital stay (days) *** 3.46 2.64 63.32 31.05 
Infant length (cm) *** 50.82 4.44 37.48 3.48 
Infant head circumference (cm) *** 35.07 1.51 26.63 2.36 
Note. ** p < .01, *** p < .001.  
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Table 2 
Brief Operational Definitions for the Toddler Self-Regulation System Behaviours (Atkinson & 
Stack, 2017) 
 
Toddler behaviour Operational Definition 
Engagement  
Engaged Attending to or engaged in common activity 
with mother. 
e.g., Joint play. 
 
Disengaged Not attending to mother. 
e.g., Ignoring mother, engaged in solitary 
play. 
Self-reliant behaviours  
Self-comfort – Regulatory Using touch or self to independently self-
regulate. 
e.g., Mouthing, self-directed vocalizations. 
 
Over-activity Displaying heightened activity. 
e.g., Flailing arms, kicking, bouncing. 
Mother-reliant behaviours  
Attention-seeking Trying to get mother’s attention when mother 
is not interacting with child. 
e.g., Pulling at mother, vocalizing insistently. 
 
Dyadic exchange Regulating by engaging with mother. 
e.g., Cooperative play, joint attention. 
Environment-reliant behaviours  
Self-comfort – Exploratory Using environment to independently self-
regulate. 
e.g., Exploring environment, seeking a toy. 
 
Escape Attempting to distance self from mother. 
e.g., Walking/crawling away, ignoring 
mother. 
 
Independent play Engaging in a task alone, without the help or 
involvement of mother. 
e.g., Parallel play, solitary play. 
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Table 3 
Inter-rater Agreement for the Toddler Self-Regulation System Behaviours 
Emotion Regulation Behaviour Kappa 
12 months  
Engagement .77 
Self-comfort – Regulatory .84 
Self-comfort – Exploratory .80 
Attention-seeking .89 
Escape .75 
Dyadic Exchange .88 
Independent Play .75 
Over-activity .80 
18 months  
Engagement .76 
Self-comfort – Regulatory .82 
Self-comfort – Exploratory .78 
Attention-seeking .85 
Escape .76 
Dyadic Exchange .89 
Independent Play .78 
Over-activity .83 
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Table 4 
Mean Percent Durations and Standard Deviations of Emotion Regulation Behaviours 
 5 ½ months 12 months 18 months 
Full-term VLBW/PT Full-term VLBW/PT Full-term VLBW/PT 
Engaged       
Normal/Free play - - 57.86 (24.80) 66.25 (23.14) 78.59 (26.02) 66.10 (33.09) 
Puzzle - - 83.87 (18.19) 79.03 (19.54) 93.01 (11.35) 82.93 (20.00) 
Still-face/Interference - - 24.04 (20.46) 22.94 (19.02) 26.79 (24.29) 23.77 (19.91) 
Reunion - - 62.90 (23.42) 68.41 (21.08) 78.51 (20.50) 76.85 (21.88) 
Self-comfort Regulatory       
Normal/Free play 12.55 (15.10) 9.52 (12.32) 8.25 (13.33) 5.67 (12.08) 1.02 (2.38) 1.43 (3.25) 
Puzzle - - 6.75 (11.73) 3.99 (5.88) .66 (2.12) .77 (1.85) 
Still-face/Interference 37.46 (23.57) 38.83 (23.91) 8.99 (14.86) 5.77 (9.56) 4.26 (7.09) 2.46 (5.00) 
Reunion 19.40 (24.83) 7.29 (8.00) 5.02 (8.02) 4.98 (9.37) .33 (.67) .62 (1.56) 
Self-comfort Exploratory       
Normal/Free play 2.69 (4.39) 2.58 (4.81) 7.23 (11.21) 5.11 (6.30) 3.53 (4.84) 3.68 (5.04) 
Puzzle - - 3.02 (4.13) 2.06 (2.86) 1.93 (4.31) 2.20 (3.30) 
Still-face/Interference 14.87 (18.74) 10.38 (16.58) 12.56 (11.52) 7.78 (8.29) 10.77 (11.52) 10.34 (13.98) 
Reunion 1.50 (3.08) 1.49 (3.00) 6.79 (6.98) 3.15 (3.72) 5.77 (7.03) 3.85 (5.47) 
Attention-seeking       
Normal/Free play .00 (.00) .00 (.00) .03 (.16) .03 (.16) .00 (.00) .00 (.00) 
Puzzle - - .06 (.28) .09 (.39) .00 (.00) .00 (.00) 
Still-face/Interference 2.73 (4.10) 1.80 (3.15) 12.20 (13.97) 14.95 (16.66) 18.10 (19.37) 10.60 (13.32) 
Reunion .00 (.00) .00 (.00) .15 (.43) .16 (.56) .07 (.28) .07 (.28) 
Escape       
Normal/Free play .14 (.45) .06 (.25) 2.83 (5.58) .93 (2.60) 3.34 (8.76) 4.33 (8.20) 
Puzzle - - 1.20 (3.53) 3.41 (6.11) .77 (2.62) 1.85 (3.77) 
Still-face/Interference 1.58 (3.08) 1.60 (2.85) .39 (.81) .08 (.33) 1.34 (3.40) .87 (2.73) 
Reunion .16 (.43) .20 (.55) 4.43 (6.60) 3.25 (5.01) 2.45 (6.28) 3.79 (7.40) 
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Gaze aversion       
Normal/Free play 32.44 (23.82) 38.79 (24.43) - - - - 
Puzzle - - - - - - 
Still-face/Interference 33.67 (22.88) 37.71 (23.05) - - - - 
Reunion 22.85 (18.88) 28.19 (20.89) - - - - 
Bidirectional/Dyadic       
Normal/Free play 48.65 (24.58) 46.73 (23.78) 46.13 (26.96) 54.32 (26.66) 69.43 (30.08) 59.25 (35.44) 
Puzzle - - 76.48 (19.90) 68.40 (22.85) 89.27 (11.76) 77.18 (24.10) 
Still-face/Interference .00 (.00) .00 (.00) 2.14 (4.05) 1.19 (2.41) 1.54 (3.40) 2.10 (4.09) 
Reunion 52.15 (27.27) 60.71 (23.33) 49.53 (22.96) 54.85 (21.57) 68.37 (24.34) 67.09 (23.29) 
Independent play       
Normal/Free play - - 20.18 (21.08) 18.65 (21.25) 10.73 (20.24) 18.28 (26.67) 
Puzzle - - 5.60 (9.30) 10.81 (14.71) 2.48 (4.92) 5.50 (7.95) 
Still-face/Interference - - 45.73 (27.70) 53.99 (25.74) 48.49 (27.63) 52.88 (26.43) 
Reunion - - 12.42 (16.48) 16.08 (14.95) 7.42 (9.55) 10.74 (13.66) 
Over-activity       
Normal/Free play - - .76 (1.74) 1.64 (2.85) .26 (.70) .24 (.73) 
Puzzle - - .33 (.65) .37 (.80) .10 (.44) .26 (.62) 
Still-face/Interference - - .47 (.79) .63 (1.04) .42 (.89) .41 (.67) 
Reunion - - 1.11 (2.08) 1.25 (2.36) .20 (.53) .29 (.61) 
Source of regulation       
Self-reliant       
Normal/Free play 12.55 (15.10) 9.52 (12.32) 9.01 (13.51) 7.31 (13.28) 1.58 (2.76) 2.01 (3.50) 
Puzzle - - 7.08 (11.74) 4.36 (6.12) .77 (2.16) 1.02 (1.93) 
Still-face/Interference 37.46 (23.57) 38.83 (23.91) 9.46 (15.04) 6.40 (9.50) 4.69 (7.06) 2.87 (5.14) 
Reunion 19.40 (24.83) 7.30 (8.00) 6.13 (8.38) 6.23 (10.35) .77 (1.43) 3.05 (9.31) 
Mother-reliant        
Normal/Free play 48.65 (24.58) 46.73 (23.78) 46.15 (26.93) 53.34 (26.66) 69.43 (30.08) 59.25 (35.44) 
Puzzle - - 76.54 (19.89) 68.49 (22.85) 89.27 (11.76) 77.18 (24.10) 
Still-face/Interference 2.73 (4.10) 1.80 (3.15) 14.34 (14.64) 16.14 (17.08) 19.64 (19.72) 12.70 (13.46) 
Reunion 52.15 (27.27) 60.71 (23.33) 49.67 (23.01) 55.01 (21.62) 68.44 (24.36) 67.15 (23.28) 
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Environment-reliant        
Normal/Free play 35.27 (23.79) 46.73 (23.78) 30.24 (20.89) 54.25 (35.44) 17.60 (21.88) 59.25 (35.44) 
Puzzle - - 9.82 (12.89) 16.28 (16.60) 5.18 (9.93) 9.55 (11.11) 
Still-face/Interference 50.12 (24.42) 49.68 (22.08) 58.68 (23.28) 61.85 (23.43) 60.59 (24.58) 64.09 (21.98) 
Reunion 25.52 (18.96) 49.68 (22.08) 23.64 (16.79) 22.48 (17.30) 15.64 (15.53) 18.37 (18.86) 
Total behaviour       
Normal/Free play 96.46 (12.41) 97.69 (5.83) 85.40 (19.45) 86.33 (19.83) 88.61 (16.17) 87.54 (16.25) 
Puzzle - - 93.45 (11.18) 89.13 (12.53) 95.21 (6.07) 87.75 (15.46) 
Still-face/Interference 90.31 (11.09) 90.31 (9.91) 82.48 (18.60) 84.39 (11.08) 84.91 (15.49) 79.65 (15.86) 
Reunion 97.06 (11.55) 97.88 (6.48) 79.44 (17.45) 83.72 (14.55) 84.84 (13.58) 88.57 (14.04) 
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Table 5 
Zero-Order Correlations between Sources of Emotion Regulation Behaviours at 5 ½, 12, and 18 Months 
























Self-reliant 1.0         
Mother-
reliant 
-.32** 1.0        
Environment-
reliant 
-.08 -.86** 1.0       
12 
months 
Self-reliant -.43 .01 .07 1.0      
Mother-
reliant 
.19* .13 -.21 -.07 1.0     
Environment-
reliant 
.03 -.14 .12 -.18 -.72** 1.0    
18 
months 
Self-reliant -.06 .17 -.23 -.28* .17 -.11 1.0   
Mother-
reliant 
.04 -.03 .02 .22 -.03 -.01 -.39** 1.0  
Environment-
reliant 
-.05 .02 .02 -.10 -.04 .06 .09 -.85** 1.0 
Note. * p < .05, ** p < .01.
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Figure 1. Source of emotion regulation behaviours across age (collapsed across full-term and VLBW/preterm groups). Error bars 
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Figure 2. Standardized coefficients of individual trajectories of emotion regulation behaviours. Model fit: χ2(9) = 4.665, p = .8625; 
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Figure 3. Emotion regulation behaviours across interaction periods at 12 months. Error bars represent standard errors. Asterisks 


































 Self_t1 Self_t2 Self_t3 Mother_t1 Mother_t2 Mother_t3 Other_t1 Other_t2 Other_t3 
Self_t1 Pearson Correlation 1 -.143 -.063 -.319** .194 .039 -.076 .028 -.053 
Sig. (2-tailed)  .294 .639 .004 .151 .776 .505 .840 .698 
N 80 56 57 80 56 57 80 56 57 
Self_t2 Pearson Correlation -.143 1 -.277* .012 -.067 .224 .065 -.177 -.098 
Sig. (2-tailed) .294  .029 .927 .564 .080 .633 .127 .448 
N 56 76 62 56 76 62 56 76 62 
Self_t3 Pearson Correlation -.063 -.277* 1 .170 .031 -.393** -.231 -.106 .087 
Sig. (2-tailed) .639 .029  .205 .810 .001 .084 .412 .463 
N 57 62 73 57 62 73 57 62 73 
Mother_t1 Pearson Correlation -.319** .012 .170 1 .132 -.031 -.857** -.139 .016 
Sig. (2-tailed) .004 .927 .205  .330 .816 .000 .306 .904 
N 80 56 57 80 56 57 80 56 57 
Mother_t2 Pearson Correlation .194 -.067 .031 .132 1 .018 -.206 -.722** -.037 
Sig. (2-tailed) .151 .564 .810 .330  .888 .128 .000 .774 
N 56 76 62 56 76 62 56 76 62 
Mother_t3 Pearson Correlation .039 .224 -.393** -.031 .018 1 .019 -.005 -.845** 
Sig. (2-tailed) .776 .080 .001 .816 .888  .891 .968 .000 
N 57 62 73 57 62 73 57 62 73 
Other_t1 Pearson Correlation -.076 .065 -.231 -.857** -.206 .019 1 .108 .016 
Sig. (2-tailed) .505 .633 .084 .000 .128 .891  .427 .907 
N 80 56 57 80 56 57 80 56 57 
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Figure 4. Emotion regulation behaviours across interaction periods at 18 months. Error bars represent standard errors. Asterisks 
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Figure 5. Attention-seeking behaviour in full-term and VLBW/preterm toddlers at 18 months. * p < .05. Note: this finding should be 




















































This study is designed to look at infants’ responses during social interaction and to study 
the different types of interaction used by caregivers and their role in social exchange. 
 
I understand that my baby and I will participate in a study lasting approximately 60 
minutes. In the first part, my baby will be seated in an infant seat directly facing me. The 
procedure will consist of several interaction periods, each lasting two to three minutes in length, 
during which time I will be asked to interact in different ways with my baby. During some 
periods I will be asked to interact with my baby as I normally do, while in others I will be asked 
to pose a neutral, still facial expression and remain silent for a brief period. There will be brief 
breaks separating the interaction periods. In the second part, my baby and I will play together on 
a carpeted floor for approximately 8 minutes in a designated area, during which time I will be 
asked to play with my baby as I normally would at home. Under no circumstances will any 
manipulation be harmful to my baby. Finally, I will be asked to complete several brief 
questionnaires. 
 
The entire session will be videotaped so that at a later point my baby’s responses may be 
scored. However, these recordings are kept in the strictest confidence and are not shown to 
others without my permission. I understand that my participation in this study is totally 
voluntary. I know that I may withdraw at any time and for any reason. I also understand that I 
may request that the videotape recording of my baby be erased. In the event that the results of the 
study are published, my name and the name of my baby will be kept confidential. I am also 
aware that I may be asked to participate again when my baby is 12 and 18 months of age. 
 
In the event that I have any unanswered concerns or complaints about this study, I may 
express these to Dr. Dale Stack (848-2424, ext. 7565), Dr. Lisa Serbin (848-2424, ext. 2255) or 
Dr. Alex Schwartzman (848-2424, ext. 2251) of the Psychology Department at Concordia 
University. In addition, the patient representative of the Jewish General Hospital is Mrs. Laurie 
Berlin (340-8222, ext. 5833). She can be contacted should I have any questions regarding my 
rights as a research volunteer. 
 
Thank you for your cooperation. 
 
I, __________________________, do hereby give my consent for my baby _________________ 
to participate in a study conducted by Dr. Dale Stack at Concordia University, and with the 
cooperation of the Jewish General Hospital. A copy of this consent form has been given to me. 
 
Parent’s signature on behalf of child: _______________________  Date:_____________ 
Parent’s signature: ______________________________________  Date:_____________ 
Witness: ______________________________________________  Date:_____________ 
  





This study is designed to look at infants’ responses during social interaction and to study 
the different types of interaction used by caregivers and their role in social exchange. 
 
I understand that my baby and I will participate in a study lasting approximately 60 
minutes, divided into two main parts. The first part will consist of a period of free play in which 
my child and I will play together for approximately 15 minutes.  The second part will also be a 
play period, but it will include a series of different activities lasting approximately three minutes 
for each activity.  These observation periods will be separated by short pauses. Under no 
circumstances will any manipulation be harmful to my baby.  Finally, I will be asked to complete 
several brief questionnaires. 
 
The entire session will be videotaped so that at a later point my baby’s responses may be 
scored.  However, these recordings are kept in the strictest of confidence and are not shown to 
others outside without my permission. 
 
I understand that my participation in this study is totally voluntary.  I know that I may 
withdraw at any time and for any reason.  I also understand that I may request that the videotape 
recording of my baby be erased.  In the event that the results of the study are published, my name 
and the name of my baby will be kept confidential. 
 
In the event that I have any unanswered concerns or complaints about this study, I may 
express these to Dr. Dale Stack (848-2424, ext.7565), Dr. Lisa Serbin (848-2424, ext.2255) or Dr. 
Alex Schwartzman (848-2424 ext. 2251) of the Psychology Department at Concordia University.  
In addition, the patient representative of the Jewish General Hospital is Lianne Brown (340-8222, 
ext. 5833).  She can be contacted should I have any questions regarding my rights as a research 
volunteer. 
 
Thank you for your cooperation. 
 
I,                                                            , do hereby give my consent for my baby                                                    
to participate in a study conducted by Dr. Dale Stack at Concordia University, and with the 
cooperation of the Jewish General Hospital.  A copy of this consent form has been given to me. 
 
Parent’s signature on behalf of child:                                                                            Date:                                                   
Parent’s signature:                                                                                                Date:                                                  
Witness:                                                                                                                          Date:                                                  
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